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Answer all questions.

1 Fig. 1.1 shows a section through the human chest. The gross structure of the human gas exchange
system is shown.
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Fig. 1.1

(a) Descriptions of some parts of the gas exchange system are shown in Table 1.1.
Complete Table 1.1 to:

*  state the name of the part described
* write a letter from Fig. 1.1 to identify each part.

Table 1.1
description name of part of gas exchange letter from Fig. 1.1
system
supported by incomplete
(C-shaped) rings of cartilage
lined by ciliated epithelium and
supported by blocks of cartilage
lined by squamous epithelium
lined by ciliated epithelium, but
not supported by cartilage
[4]
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(b) Tobacco smoke contains a number of compounds which can affect the body.
State the appropriate term that matches each of the statements A to E.

A The type of chemical that causes mutation of genes that control the cell cycle.

[Total: 9]
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2 The veins of a leaf contain transport tissues. Fig. 2.1 is a drawing made from an electron
micrograph showing a cross-section of the transport tissue in a leaf vein.

The cells labelled A are modified companion cells, known as phloem transfer cells. Transfer
cells move sucrose and other assimilates from mesophyll cells, B, into the phloem sieve tube
element, C.

Fig. 2.1
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(a) State the functions of the mesophyll cells, B, and sieve tube element, C, and explain how
their structure is adapted for their function.
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(b) The cell walls of the transfer cells, A, shown in Fig. 2.1, have infoldings.

Explain the advantages of these cell wall infoldings for the movement of sucrose from
mesophyll cells to phloem sieve tubes.

[Total: 8]
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3  Fig. 3.1 shows the nematode worm, Caenorhabditis elegans.

magnification x250

Fig. 3.1
Stem cells of C. elegans have been studied.
Fig. 3.2 shows the change in mass of DNA per nucleus in a stem cell during one cell cycle.
1pg =1 x 107129
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Fig. 3.2

(@) (i) State the phases of interphase shown by A and B in Fig. 3.2.
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(ii) State the stage of mitosis shown by D in Fig. 3.2.

(iv) Astem cell of a female C. elegans has 12 chromosomes.

Complete Table 3.1 to show the number of nuclei within the stem cell in stages A, B
and D of the cell cycle shown in Fig. 3.2 and the number of chromosomes in each
nucleus during these stages.

Table 3.1
stage of the cell cycle
A B D

number of nuclei within the

stem cell

number of chromosomes in

each nucleus

(2]
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(b) Young nematodes have stem cells throughout the body.

Fig. 3.3 summarises three cell cycles of one of these stem cells.

Key

@ stem cell

differentiated (specialised) cell not drawn to scale

Fig. 3.3

With reference to Fig. 3.3, outline the role of stem cells in animals.

[Total: 10]
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4 Antibiotic sensitivity tests can be carried out to choose appropriate antibiotics to use for treatment
of bacterial diseases.

A researcher carried out an antibiotic sensitivity test using two pathogenic bacteria, X and Y.
The researcher prepared two Petri dishes containing agar.

*  Aculture of each bacterium was spread over the surface of the agar.

*  Filter paper discs containing antibiotics were placed on the surface of the agar in each dish.
*  The Petri dishes were incubated at 25°C for two days.

The results of the test using three antibiotics, P, Q and R, are shown in Fig. 4.1.

antibiotic P on Petri dish
filter paper discs containing agar

Key
[ bacterial growth
[_] no bacterial growth

Fig. 4.1
(@) (i) State the most effective antibiotic to treat infections of bacterium X and bacterium Y.
bacterium X

bacterium Y
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(ii) Suggest why bacterium Y had a different sensitivity to each of the three antibiotics.

..................................................................................................................................... [2]
(b) Explain how the use of vaccines in the control of infectious diseases differs from the use of
antibiotics.
............................................................................................................................................. [3]
[Total: 6]
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5 A molecule of collagen consists of three identical polypeptides that form a triple helix.
The amino acid glycine forms one third of the amino acids in a collagen molecule.

Fig. 5.1A shows a polypeptide molecule during protein synthesis. A molecule of glycine is shown
just before it is added to the polypeptide.

rest of polypeptide —

H—
H—
H—
H—

rest of polypeptide —N—

)

Fig. 5.1

(@) (i) Complete Fig. 5.1B to show the molecule of glycine added to the end of the polypeptide.
[2]

(ii) State the type of reaction that occurs when glycine is added to the end of the polypeptide.

..................................................................................................................................... [1]

(iii) Explain the importance of glycine in a collagen molecule
..................................................................................................................................... [2]
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(b) Collagen is a fibrous protein.

Explain how the structure of collagen is related to its functions within the mammalian body.

(c) The enzyme collagenase catalyses the breakdown of collagen molecules. This enzyme acts
by using an induced fit mechanism.

Describe the mode of action of collagenase.

© UCLES 2020 9700/23/0/N/20
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(d) Students investigated the effect of pH on the activity of collagenase extracted from the
bacterium Bacillus licheniformis at 50 °C.

The results are shown in Fig. 5.2.
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Fig. 5.2
With reference to Fig. 5.2, describe and explain the effect of pH on the activity of collagenase.

[Total: 18]
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6 (a) Fig. 6.1 shows Vorticella, which is a single-celled organism that lives in freshwater. Vorticella
has many cilia which it uses for feeding.

Fig. 6.1

The distance shown by X-Y on Fig. 6.1 is 150 um.
Calculate the magnification of Fig. 6.1.
State the formula that you will use and show your working.

Write your answer to the nearest whole number.

formula
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(b) The food particles are taken into the gullet by a current of water created by movement of cilia.

Any particles suspended in the water, such as bacteria, are taken into the cell as shown in
Fig. 6.2.

, .
infolding of cell - ‘
surface membrane
z . ®

o ®
lysosome

Fig. 6.2

(i) State the name of the process which takes the bacteria into the cell at Z and describe
the way in which it occurs.

[Total: 9]
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